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SILANE-CONTAINING POLYVINYL ALCOHOL FOR COATING SLIPS 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates to silane-containing polyvinyl alcohols useful 
5 for coating slips, in particular for coating inkjet recording materials, and to coating 
slips prepared therewith. 

2. Background Art 

Polyvinyl alcohols are used as cobinders in paper coating slips in 
order to improve the gloss and the brightness of the paper coating. The paper coats, 
10 in particular for inkjet papers, are exposed to a high mechanical load. It is therefore 
necessary for the coatings to be distinguished by high abrasion resistance. 
Moreover, the formulation must ensure good ink absorption without the ink drop 
running. 

EP-A 76940 describes silicon-containing polyvinyl alcohols which are 
15 used for paper coating. The silicon content is introduced either by subsequent 
silylation of polyvinyl alcohol or by means of copolymerization of ethylenically 
unsaturated, silane-containing comonomers with vinyl monomers and subsequent 
hydrolysis of the vinyl ester units. 

EP-A 1 127706 discloses paper coatings which are distinguished by 
20 high water resistance, light stability and heat stability and are therefore very suitable 
for use outdoors. This property profile is obtained by a combination of pigment, 
silanol-modified polyvinyl alcohol, and a film-forming polymer having a Tg < 
50°C. 
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Heat-sensitive recording papers having a coating which contains 
silicon compounds are disclosed in DE-C 3519575. The silicon compounds may be 
silicon-modified polyvinyl alcohols in combination with colloidal silica and/or 
amorphous silica. 

5 EP-A 1080940 relates to a coating composition for the production of 

heat-sensitive recording materials or inkjet papers which contain ethylene/ vinyl 
alcohol copolymers, silicon-modified vinyl alcohol polymers, or silicon-modified 
ethylene/vinyl alcohol polymers as one component, and an organotitanium 
compound as a further component. 

10 It would be desirable to provide an additive for coating slips, in 

particular for the production of coatings on inkjet recording materials, which 
provides high abrasion resistance both on paper substrate materials and on plastics 
substrate materials, without adversely affecting other properties of the coating. 

SUMMARY OF THE INVENTION 

15 It has now been surprisingly discovered that coating slips for paper 

and other substrates which exhibits excellent abrasion resistance while retaining 
other desirable properties of coating slips may be prepared using copolymeric 
polyvinyl ester polymers prepared from vinyl ester monomers including 1-30 
mol% of C x _ 6 1-alkylvinyl esters of C x _ 6 carboxylic acids and 0.01 to 10 mol% of 

20 ethylenically unsaturated silane monomers. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

The invention relates to silane-containing polyvinyl alcohols and their 
use as additives in coating slips. The silane-containing polyvinyl alcohols are based 
on completely hydrolyzed or partly hydrolyzed vinyl ester copolymers having a 
25 degree of hydrolysis of from 75 to 100 mol%, obtained by free radical 
polymerization of a) one or more vinyl esters of straight-chain or branched alkane 
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carboxylic acids having 1 to 18 carbon atoms, of which an amount of from 1 to 30 
mol%, based on total polymer, are one or more 1-alkylvinyl esters wherein the 
esterifying carboxylic acid is a C 1-6 carboxylic acid, and the 1 -alkyl radicals are C x , 6 
alkyl radicals; b) from 0.01 to 10 mol% of one or more silane-containing, 
ethylenically unsaturated monomers, and optionally, c) further comonomers 
copolymerizable therewith, followed by hydrolysis of the polymers obtained 
thereby. 

Suitable silane-containing polyvinyl alcohols are completely 
hydrolyzed or partly hydrolyzed vinyl ester polymers having a degree of hydrolysis 
of from 75 to 100 mol% and a content of silane-containing comonomer units of from 
0.01 to 10 mol%. The completely hydrolyzed vinyl ester polymers have a degree 
of hydrolysis of, preferably, from 97.5 to 100 mol%, more preferably from 98 to 
99.5 mol%. The partly hydrolyzed polyvinyl esters preferably have a degree of 
hydrolysis of from 80 to 95 mol % , more preferably from 86 to 90 mol % . The 
Hoppler viscosity (4% by weight aqueous solution according to DIN 53015) serves 
as a measure of the molecular weight and of the degree of polymerization of the 
partly or completely hydrolyzed, silanized vinyl ester polymers, and is preferably 
from 2 to 50 mPas. 

Suitable vinyl esters are vinyl esters of straight-chain or branched 
carboxylic acids having 1 to 18 C atoms. Preferred vinyl esters are vinyl acetate, 
vinyl propionate, vinyl butyrate, vinyl 2-ethylhexanoate, vinyl laurate, vinyl pivalate 
and vinyl esters of a-branched monocarboxylic acids having 5 to 13 C atoms, for 
example VeoVa® 9 or VeoVa® 10 (trademarks of Resolution Performance Products). 
Vinyl acetate is particularly preferred. 

Preferred 1-alkylvinyl esters having C x _ 6 alkyl radicals, and which are 
esters of C,_ 6 carboxylic acids, are 1-methylvinyl acetate, 1-ethylvinyl acetate and 
1 -propyl vinyl acetate. 

In addition to the vinyl ester units, one or more monomers c) from 
the group consisting of methacrylates and acrylates of C M5 alcohols, olefins, dienes, 
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vinylaromatics and vinyl halides can optionally be copolymer ized. Suitable 
(meth)acrylic acid ester monomers include esters of straight-chain or branched 
("optionally branched") C M5 alcohols. Preferred (meth)acrylates are methyl 
aery late, methyl methacrylate, ethyl aery late, ethyl methacrylate, propyl aery late, 
5 propyl methacrylate, n-butyl aery late, isobutyl aery late, tert-butyl aery late, n-butyl 
methacrylate, isobutyl methacrylate, tert-butyl methacrylate, 2-ethylhexyl aery late 
and norbornyl aery late. Methyl aery late, methyl methacrylate, n-butyl aery late, 
isobutyl aery late, tert-butyl aery late, 2-ethylhexyl aery late and norbornyl aery late 
are particularly preferred. Suitable dienes include 1,3 -butadiene and isoprene. 

10 Examples of polymerizable olefins include ethene and propene. As vinylaromatics, 
styrene and vinyltoluene are preferably incorporated as polymerized units. From 
the vinyl halides, vinyl chloride, vinylidene chloride and vinyl fluoride, preferably 
vinyl chloride, are preferably used. The proportion of these comonomers is such 
that the proportion of vinyl ester monomer is > 50 mol% in the vinyl ester 

15 polymer. 

If required, further comonomers c), preferably in a proportion of 
from 0.1 to 25 mol% may also be present. Examples of these are ethylenically 
unsaturated mono- and dicarboxylic acids, preferably acrylic acid, methacrylic acid, 
fumaric acid and maleic acid; ethylenically unsaturated carboxamides and 

20 carbonitriles, preferably N-vinylformamide, acrylamide and acrylonitrile; mono- 
and diesters of fumaric acid and maleic acid such as the diethyl and diisopropyl 
esters; maleic anhydride; and ethylenically unsaturated sulfonic acids and salts 
thereof, preferably vinylsulfonic acid and 2-acrylamido-2-methylpropanesulfonic 
acid. Further examples are precrosslinking comonomers such as poly ethylenically 

25 unsaturated comonomers, for example divinyl adipate, diallyl maleate, allyl 
methacrylate, butanediol diacrylate, and triallyl cyanurate, and postcrosslinking 
comonomers, for example acrylamidoglycolic acid (AGA), methyl 
methylacrylamidoglycolate (MAGME), N-methylolacrylamide (NMA), N- 
methylolmethacrylamide, N-methylolallylcarbamate, alkyl ethers or esters of N- 

30 methylolacrylamide, of N-methylolmethacrylamide and of N- 
methylolallylcarbamate, such as their isobutoxy ethers or esters. 
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Suitable ethylenically unsaturated, silane-containing monomers b) are, 
for example, ethylenically unsaturated silicon compounds of the general formula 
R^iRVzCOR 3 )^, in which R 1 independently are CH 2 = CR 4 -(CH 2 ) 0 _ 3 or 
CH 2 = CR 4 C0 2 (CH 2 ) 1 . 3 , each R 2 independently is a C r to C 3 -alkyl radical, C r to C 3 - 
5 alkoxy radical or halogen, preferably CI or Br, each R 3 is independently a straight- 
chain or branched, unsubstituted or substituted C M2 alkyl radical, preferably a C u3 
alkyl radical, or is a C 2 . 12 acyl radical, it being possible for R 3 to be interrupted by 
an ether group, and each R 4 independently is H or CH 3 . 

Suitable ethylenically unsaturated, silane-containing monomers b) are 
10 also (meth)acrylamides which contain silane groups, for example those of the 
general formula CH 2 = CR 5 -CO-NR 6 -R 7 -SiR 8 m -(R 9 ) 3 . m , in which m = 0 to 2, each R 5 
is independently either H or a methyl group, each R 6 is independently H or an alkyl 
group having 1 to 5 C atoms; each R 7 is independently a C x _ 5 alkylene group or a 
bivalent organic group in which the carbon chain is interrupted by an O or N atom, 
15 each R 8 is independently a C 15 alkyl group, and each R 9 is independently a 

alkoxy group which may be substituted by further heterocycles, preferably O, N, 
S, or P. In monomers in which 2 or more R 5 or R 9 groups occur, these may be 
identical or different. 

Examples of such (meth)acrylamidoalkylsilanes are: 3- 
20 (meth)acrylamidopropyltrimethoxysilanes, 3-(meth)acrylamido- 
propyltriethoxysilanes, 3-(meth)acrylamidopropyltri(p-methoxyethoxy)silanes, 2- 
(meth)acrylamido-2-methylpropyltrimethoxysilanes, 2-(meth)acrylamido-2-methyl- 
ethyltrimethoxy silanes , N-(2-(meth)acrylamidoethyl)aminopropyltrimethoxy silanes , 
3 -(meth) aery lamidopropyltriacetoxy silane s, 2-(meth)acrylamido- 
25 ethyltrimethoxysilanes , 1 -(meth)acry lamidomethyltrimethoxy silanes , 3 - 
(meth) aery lamidopropylmethyldimethoxy silanes , 3 -(meth)acry lamidopropy 1- 
dimethy lmethoxy silanes , 3-(N-methyl-(meth)acrylamido)propyltrimethoxysilanes , 
3 -((meth) aery lamido-methoxy)-3-hydroxypropyltrimethoxy silanes, 3- 
((meth)acrylamidomethoxy)propyltrimethoxy silanes, N,N-dimethyl-N- 
30 trimethoxysilylpropyl-3-(meth)acrylamido-propylammonium chloride and N,N- 
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dimethyl-N-trimethoxysilylpropyl-2-(meth)acrylamido-2-methylpropylarim 
chloride. 

Preferred ethylenically unsaturated, silane-containing monomers b) 
are Y _acr yl°yl"* or Y" met hacryloyloxypropyltri(alkoxy)silanes , 
5 cc-methacryloyloxymethyltri(alkoxy)silanes, y- met hacryloyloxypropyl- 
methyldi(alkoxy)silanes; vinylsilanes such as vinylalkyldi(alkoxy)silanes and 
vinyltri(alkoxy)silanes, the alkoxy groups of which may be for example, methoxy, 
ethoxy, methoxy ethylene, ethoxy ethylene, methoxypropylene glycol ether or 
ethoxypropylene glycol ether radicals. Examples of preferred silane-containing 

10 monomers are 3-methacryloyloxypropyltrimethoxysilane, 
3-methacryloyloxypropylmethyldimethoxysilane, vinyltrimethoxysilane, 
vinylmethyldimethoxysilane, vinyltriethoxysilane, vinylmethyldiethoxysilane, 
viny ltr ipropoxy silane , vinyltriisopropoxysilane, 
viny ltris( 1 -methoxy) isopropoxy silane , viny ltributoxy silane , viny ltriacetoxy silane , 

15 methacryloyloxymethyltrimethoxysilane, 3-methacryloyloxypropyltris(2- 
methoxy ethoxy )silane, vinyltrichlorosilane, vinylmethyldichlorosilane, vinyltris(2- 
methoxy ethoxy ) silane , trisacetoxy viny lsilane , ally lviny ltrimethoxy silane , 
ally ltriacetoxy silane, viny ldimethylmethoxy silane, viny ldimethylethoxy silane, 
vinylmethyldiacetoxy silane, vinyldimethylacetoxysilane, 

20 vinylisobutyldimethoxy silane, vinyltriisopropoxysilane, viny ltributoxy silane, 
viny ltr ihexyloxy silane, viny lmethoxydihexyloxy silane, viny ltr ioctyloxy silane, 
viny ldimethoxyoctyloxy silane, viny Imethoxyd ioctyloxy silane , 
viny lmethoxydilauryloxy silane, viny ldimethoxylauryloxy silane and also 
polyethylene gly col-modified vinylsilanes. 

25 Preferred silanes b) are in general vinyltrimethoxysilane, 

vinylmethyldimethoxysilane, vinyltriethoxysilane, vinylmethyldiethoxysilane, 
vinyltris(l-methoxy)isopropoxysilane, methacryl- 
oyloxypropyltris (2 -methoxy ethoxy) silane , 3-methacryloyloxy- 
propyltrimethoxy silane, 3-methacryloyloxypropylmethyldimethoxysilane and 

30 methacryloyloxymethyltrimethoxysilane and mixtures thereof. 
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The ethylenically unsaturated, silane-containing monomers b) are 
copolymerized in amounts of from 0.01 to 10.0 mol% , preferably from 0.01 to 1.0 
mol%. 

The vinyl ester polymers can be prepared in a known manner by 
5 means of polymerization; preferably by mass polymerization, suspension 
polymerization or polymerization in organic solvents, most preferably in organic 
solution. Suitable solvents are, for example, methanol, ethanol, propanol and 
isopropanol. The polymerization is carried out under reflux at a temperature of from 
55°C to 100°C and is initiated by means of free radicals by adding customary 
10 initiators. Examples of customary initiators are percarbonates such as cyclohexyl 
peroxydicarbonate, or peresters such as tert-butyl perneodecanoate or tert-butyl 
perpivalate. 

The monomers can be initially introduced all together, metered in all 
together, or initially introduced in portions and the remainder metered in after 
15 initiation of the polymerization. The metering operations can be carried out 
separately (with respect to space and time) or some or all of the components to be 
metered can be metered in preemulsified form. 

The molecular weight can be established in a manner known to a 
person skilled in the art by polymerization in the presence of molecular weight 
20 regulators (" chain transfer agents"). Suitable regulators are, for example, alcohols 
such as ethanol or isopropanol, aldehydes such as acetaldehyde or propionaldehyde, 
and silane-containing regulators such as mercaptosilanes, for example 3- 
mercaptopropyltrimethoxy silane . 

The hydrolysis of the vinyl ester polymers is effected in a manner 
25 known per se, for example by the belt or kneader method or in a stirred vessel, in 
the alkaline or acidic range with addition of acid or base. Preferably, the solid vinyl 
ester resin is taken up in alcohol, for example methanol, a solids content of from 15 
to 70% by weight being established. The hydrolysis is preferably carried out in the 
basic range, for example by adding NaOH, KOH or NaOCH 3 . The base is generally 
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used in an amount of from 1 to 5 mol% per mole of ester units. The hydrolysis is 
carried out at temperatures of from 3CTC to 70°C. 

After the hydrolysis is complete, the solvent is distilled off and the 
polyvinyl alcohol is obtained as a powder. However, the polyvinyl alcohol can also 
5 be obtained as aqueous solution by gradual addition of water while the solvent is 
being distilled off. The aqueous solution of the silane-containing polyvinyl alcohols 
can, if required, be spray-dried, and the silane-containing polyvinyl alcohol obtained 
as a powder. 

The silane-containing polyvinyl alcohols are suitable, optionally in 
10 combination with further binders and additives, as additives in formulations of 
coating slips for the coating of substrate materials, preferably substrates comprising 
paper or plastics film, in particular for inkjet recording materials, for example inkjet 
paper and inkjet foils. Example of suitable substrate materials are paper, plastic- 
coated paper, such as polyethylene-, polypropylene- or PET-coated paper, and 
15 cellulose acetate foils, polyester foils such as PET foil, poly amide, polycarbonate, 
poly olefin, polyimide, poly amide, polyvinyl acetal, poly ether and polysulphonamide 
foils. 

The formulations for coating slips are known to a person skilled in 
the art. In general, from 10 to 50% by weight of the silane-containing polyvinyl 
20 alcohols (solid), based on the total solids content of the formulation, are used. The 
silane-containing polyvinyl alcohols can be used as sole binders or as cobinders with 
further binders. 

Typical further additives and binders include: 

Cationic dispersants such as polydiallyldimethylammonium chloride, 
25 benzyldimethylstearylammonium chloride, dimethylstearylammonium chloride, 
copolymers with acrylamide, dimethylamino epichlorohydrin, 
polyoxyalkylpolyaminodicyanodiamine, dimethylaminoethyl methacrylate 
(MADAME)-modified polymers, methacryloyloxyethyltrimethylammonium chloride 
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(MADQUAT)-modified polymers, cationic cellulose derivatives, cationic starch 
derivatives, cationic polyvinyl alcohols, polyethylenimine and its copolymers, 
compounds having trivalent aluminium, boron and zinc ions, triethanolamine- 
titanium chelate complex, copolymers of vinylpyrrolidone, and polyamidoamines; 

5 Binders such as hydroxyethylcellulose, starch, gelatin, casein, 

polyvinylpyrrolidones, dextran, dextrin, polyethylene glycols, agar, carrageenan, 
xanthan, polymer dispersions, such as styrene/butadiene latices, poly aery late 
emulsions, polyvinyl ester dispersions; 

Plasticizers such as ethylene glycol, diethylene glycol, propylene 
10 glycol, polyethylene glycol, glycerol, glyceryl monomethyl ether, glyceryl 
monochlorohydrin, ethylene carbonate, propylene carbonate, tetrachlorophthalic 
anhydride, tetrabromophthalic anhydride, urea, urea phosphate, triphenyl phosphate, 
glyceryl monostearate, propylene glycol monostearate, tetramethylene sulphone, 
N-methyl-2-pyrrolidone, N-vinyl-2-pyrrolidone, and sorbitol; 

15 Pigments and fillers such as silica, calcium carbonate, clay, bentonite, 

alumina and titanium oxide; 

Antifoams and dispersants, such as polydiallyldimethylammonium 
chloride, benzyldimethylstearylammonium chloride and dimethylstearylammonium 
chloride; and leveling agents, tinting dyes, wetting agents, viscosity stabilizers, 
20 pH regulators, curing agents, UV absorbers, antioxidants, optical brighteners, and 
dye-fixing agents. 

The silane-containing polyvinyl alcohols give coatings which are 
distinguished by excellent abrasion resistance. Furthermore, ease of production of 
binders containing the silane-containing polyvinyl alcohols is facilitated by the 
25 excellent storage stability of solutions of the latter. 
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Examples: 

Example 1 

612 g of water, 61 .2 mg of copper(II) acetate and 61 .2 g of a 5 % by 
weight polyvinylpyrrolidone solution (PVD-K90) in water were initially introduced 
5 under nitrogen into a thermostated laboratory apparatus having a capacity of 2.5 
liters. A solution of 620 mg of tert-butyl per-2-ethylhexanoate (TBPEH 99% 
strength in water), 322 mg of tert-butyl perneodecanoate (Pergan PND 95 % strength 
in water), 4.9 g of vinyltriethoxysilane, 48.9 g of isopropenyl acetate and 42.8 g of 
isopropanol in 612 g of vinyl acetate were run in while stirring. The reactor was 
10 heated to 51.5°C and, after the reaction had diminished, was heated stepwise to 
75 °C. This temperature was maintained for a further 2 hours, after which the 
reaction mixture was cooled. The resulting polymer beads were filtered off with 
suction, washed thoroughly with water and dried. 

In a laboratory reactor having a capacity of 2.5 liters, 90 g of 
15 polymer beads were dissolved in 810 g of methanol at 50°C. The solution was 
cooled to 30° C, a layer of 500 g of methanol was introduced on top with the stirrer 
stationary, and the methanolic NaOH was immediately added (10 g of NaOH, 46% 
by weight in water, dissolved in 90 g of methanol) and the stirrer was switched on. 

The solution became increasingly turbid. During the gel phase, the 
20 stirrer was set to a higher speed in order to comminute the gel. After the gel phase, 
the reaction was allowed to continue for a further 2 hours, neutralization was 
effected with acetic acid and the solid product was filtered off, washed and dried. 
A completely hydrolyzed polyvinyl alcohol having a Hoppler viscosity of 28 mPas 
(4% by weight in water) was obtained. 
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Comparative Example 1: 



Commercial silane-containing polyvinyl alcohol having a Hoppler 
viscosity of 25 mPas (4% by weight in water). 

Testing of performance characteristics: 

The polyvinyl alcohols from the example and comparative example 
were tested in the following formulations: 



Formulation of coating slip for paper coating: 

Precipitated silica 100 parts by weight 

Polyvinyl alcohol 35 parts by weight 
Cationic dispersant 5 parts by weight 

Solids content of the coating slip: 20 - 35% by weight 

The coating slip was tested on base paper: sized paper, 80 g/m 2 . The 
coat was 15 g/m 2 . 

Formulation for coating slip for coating plastics foils: 

Precipitated silica 100 parts by weight 

Polyvinyl alcohol 34 parts by weight 

Cationic dispersant 8 parts by weight 

Polymer dispersion 50 parts by weight 

Solids content of the coating slip: 20-28% by weight 

The coating slip was tested on a 90 g/m 2 PET foil provided with an 
adhesion promoter. The coat was 15 g/m 2 . 
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Abrasion test: 

A 4.5 cm wide and 19 cm long coated paper strip or foil strip was 
processed by means of 50 strokes in an abrasion tester from Priifbau (Dr. Diirner 
system) with a black drawing paper applied to a stamp (500 g). 

5 The resulting black paper was then assessed visually, the rating 1 

representing the optimum. 

Brightness: 

The brightness was determined by means of reflectance measurement 
using a R 457 filter and was visually assessed, the rating 1 representing the 
10 optimum. 

Storage stability: 

The storage stability was tested by storing in each case 1 1 % strength 
aqueous solutions of the polyvinyl alcohols at a pH of 8.5 for up to 14 days and 
determining the Hoppler viscosity (according to DIN 53015, as a 4% by weight 
15 aqueous solution). 



Table 1 (Results on paper): 



Coat analysis 


Example 1 


Comparative Example 1 


Abrasion test 


1.0 


1.5 


Brightness, visual 


1.0 


1.0 


Brightness, R457 


5.1 


5.2 


Table 2 (Results on plastics foil): 


Coat analysis 


Example 1 


Comparative Example 1 


Abrasion test 


1.0 


1.5 


Brightness, visual 


1.0 


1.0 


Brightness, R457 


5.3 


5.3 
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Table 3 (Shelf life): 



Storage time 


Hoppler viscosity [mPas], 


Hoppler viscosity [mPas], 




Example 1 


Comparative Example 1 


immediately 


28.1 


25.1 


1 day 


28.1 


27.8 


2 days 


28.1 


31.4 


3 days 


28.2 


35.8 


5 days 


28.2 


42.9 


7 days 


28.2 


61.7 


14 days 


28.3 


90.5 



While embodiments of the invention have been illustrated and 
described, it is not intended that these embodiments illustrate and describe all 
possible forms of the invention. Rather, the words used in the specification are 
words of description rather than limitation, and it is understood that various changes 
may be made without departing from the spirit and scope of the invention. 
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